Abstract-In this paper a variable weight code for Optical Code Division Multiple Access (OCDMA) is proposed to provide differentiated services in optical network. We call it multi service zero cross correlation (MS-ZCC) where it has zero-cross correlation. Using simulation, the performance of this code is compared with the conventional variable weight (VW) -ZCC code in free space optic (FSO) environment. The newly proposed code MS-ZCC shows an improvement of 300 meters link distance for weight 2 and 8, compared to VW-ZCC.
I. INTRODUCTION
Code division multiple access (CDMA) which widely used in wireless networks [1] , can be implemented in optical networks too. OCDMA has several unique benefits including security and quality of service (QoS) provisioning [2] . To provide QoS, one technique is to implement multilevel signaling technique. In this method, subscribers transmit their signals in different power levels. This allows to service differentiation be applicable. Another method is to utilize a proper coding technique to generate code sequences with different weights and consequently different quality. In one effort, Ahmad Anas et al. presented variable-weight Khazani-syed (VW-KS) code to provide service differentiation for spectral amplitude coding (SAC) in OCDMA [3] . It should be mentioned that KS code is the unified version of double weight (DW) code [4] , resulted in good performance and efficiency. DW family codes are efficient codes in SAC due to its advantages including cost efficiency and good performance [5] .
In one technique, OCDMA with zero cross correlation (ZCC) was proposed to improve the performance at the expense of code length [6] . In ZCC, there is no overlapping between the codes. Thus, multiple access interference (MAI) and consequently phase induce intensity noise (PIIN) will be eliminated. Inspiring from ZCC code and DW code, we present multi service ZCC (MS-ZCC) which can generate codes with DW and ordinary codes. Although VW-ZCC had been presented before [7] , there were some limitations in their code with regards to its performance and code construction technique. In our presented algorithm, code construction is simpler and formulated accurately. Also, the code length of our algorithm is shorter than previously developed VW-ZCC. In the following results where triple play application is considered, performance of three weights i.e. 2, 4 and 8 will be compared. While MS-ZCC code length is 27, VW-ZCC (not considering weight 3 of their codes) is 42. Moreover MS-ZCC proposes construction of codes which contain same property as DW code which is 2 adjacent chip ones in the some lines of the code. As the result it inherits DW advantages including cost efficiency [5] . It should be mentioned that the subsequent line of the code consists of a single chip.
II. CODE CONSTRUCTION
This section derives the steps taken in MS-ZCC code construction. A (N, W, λ c ) MS-ZCC code is a family of (0,1) sequences with length N , weight W and in-phase crosscorrelation λ c . Note that there is no cross correlation in data level. The following steps explain the code construction process.
Step 1: The produced set of codes can be represented via a (K × N ) matrix where K and N denote the number of rows and column in the matrix, respectively. Each row of the matrix is considered as a code sequence. Therefore the matrix produces K code sequences and N represents the code length. A basis of this code is given by a 2×3 matrix as follow:
This basis is used to increase the number of weights and code sequence.
Step 2: An easy replacement technique is utilized to increase the number of weights and code sequences as:
Here H j−1 is the matrix before and H j after replacement. d is the element of the matrix H and denotes bit value so that d epsilon [0,1]. For each d j−1 = 1 in H j−1 along the replacement process, it will be replaced by H 0 .
Step 3: After each replacement, since all "1"s are replaced by basic matrix, the new matrix will have empty spaces. "0"s will be extended so that all the new generated matrix are proportional.
For instance, for the first replacement, R = 1, we have: 
Step 4: For more weights and users, another replacement is needed and for R = 2 the matrix will be as
As it can be observed, there will be no cross correlation between different codes.
The code has its particular properties. Here W is the code weight, K is number of generated code words (number of users) and N is the code length. The algorithm provides variable weight codes which all of them are a power of 2, so that
It should be mentioned that the maximum achieved weight for this code can be calculated as
Similar value is calculated for the number of supportable users:
The formula for obtaining code length is
Step 5: If only weights increment is desired, the matrix will simply be doubled horizontally. In that situatioń
III. SYSTEM DESCRIPTION System was implemented via software Optisystem version 10 for four users. LED with bandwidth 2.5 THz and the whole intensity 22 dBm was used as light source and direct decoding detection technique was applied in the receiver. Bit rate was set at 2.5 Gbps and atmosphere index refraction structure of the FSO was set at 5 × 10 −15 m −2/3 which is considered as weak turbulence [8] . The schematic of the implemented network is depicted in Figure 1 . In this stage, the performance of the proposed MS-ZCC code is compared with VW-ZCC. In Figure 2 the performance of the system against distance is illustrated. Quality factor (Q-factor) was used as performance measurement and the threshold value of 6 was considered as acceptable quality for the received signal [9] . The code with weight 2 shows a low performance and only can provide acceptable performance for short distance less than 1 km. Both weight 4 and 8 can reach longer distance; 1.5 km for weight 4 and 1.6 km for weight 8.
Here it can be observed that weight 8 underperformed weight 4, while it is expected that higher weights provide better performance. Because of this weakness, triple play cannot be supported appropriately. Figure 3 , the performance of the system is measured using MS-ZCC code. Weight 2 can reach longer distance about 1.3 km, while weight 4 and 8 are able to reach 1.5 and 1.9 km, respectively. Weights 2 and 8 provide higher performance than conventional code by 300 meters increment in distance. Furthermore, there is acceptable performance margin between weight 2, 4 and 8. For example at 1.2km distance, the Q-factor for weights 2, 4 and 8 are 6.6, 8.7 and 13.3, respectively. This difference in quality is critical for QoS applications.
In Figure 4 the effect of diversity increment on VW-ZCC code is shown. The distance was set at 1.1 km.
Weight 2 shows the lowest performance so that l.2 mrad is the maximum tolerable diversity for it. Figure 5 , the effect of diversity increment on MS-ZCC code is depicted. Weight 2 in MS-ZCC shows better tolerance rather than VW-ZCC and can tolerate up to 2.4 mrad. Also there is reasonable margin for W4 and W8 which both can tolerate the diversity more than VW-ZCC. The reason is the code construction which generates code sequences which comprise two adjacent chips. This is one of the benefits of this code while another one is that less FBG is required to implement MS-ZCC, eventuates in reduction in cost.
V. CONCLUSION
A variable weight zero cross correlation code for OCDMA was presented. The structure of the presented code was described mathematically. It was also shown that the proposed code can achieve higher performance compared to the conventional one. Also the results showed that MS-ZCC can provide enough distinction between weights 2, 4 and 8. Hence, it is suitable for QoS applications.
